Heavy metal accumulation and its effects on the biota of an industrial settling pond by Neher, Michael A.
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1978 
Heavy metal accumulation and its effects on the biota of an 
industrial settling pond 
Michael A. Neher 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Neher, Michael A., "Heavy metal accumulation and its effects on the biota of an industrial settling pond" 
(1978). Graduate Student Theses, Dissertations, & Professional Papers. 2527. 
https://scholarworks.umt.edu/etd/2527 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
HEAVY METAL ACCUMULATION AND ITS EFFECTS ON THE BIOTA 
OF AN INDUSTRIAL SETTLING POND 
By 
Michael A. Neher 
B.S., University of New Mexico, 1975 
Presented in partial fulfillment of the requirements for the degree of 
Master of Arts 
UNIVERSITY OF MONTANA 
1978 
Approved by* 
CKairmanif Bostra of Examiners 
De—, f 
£-3./-  78 
bate 
UMI Number: EP33900 
All rights reserved 
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent on the quality of the copy submitted. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed, 
a note will indicate the deletion. 
UMT 
Diftiftftatkm Ptiiatiahing 
UMI EP33900 
Copyright 2012 by ProQuest LLC. 
All rights reserved. This edition of the work is protected against 
unauthorized copying under Title 17, United States Code. 
uest' 
ProQuest LLC. 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
Neher, Michael A., M. A., 1978 Zoology 
Heavy Metal Accumulation and its Effects on the Biota of an 
Industrial Settling Pond (96 pp.) 
Director: George F. Weisel 
The Warm Springs settling ponds, owned by the Anaconda Mining 
Company and located at the head of the Clark Fork river, Montana, 
are a source of heavy metal pollution to the Clark Fork river. 
This study determined the levels of heavy metals in the sediments, 
water, and selected biota of the settling ponds and compared 
these to a set of control ponds. The effects these metal 
concentrations may have on the biota were also considered. 
Heavy metal concentrations were analyzed with an atomic 
absorption spectrophotometer. Other water quality parameters 
were measured using methods described in the text. Aquatic 
macroinvertebrates were sampled quantitatively for a four month 
period. Other biota surveyed include fish, algae, and angiosperms. 
Metal concentrations were generally higher in sediments, water, 
and biota of the settling pond than in control ponds. Ranges of 
metal concentrations determined at 10-cm intervals of the most 
representative sediment core were Cd: 321-724 ug/g, Cr: 60-120 ug/g, 
Cu: 6460-21430 ug/g, Fe: 186940-300680 ug/g, Pb: 580-1210 ug/g, and 
Zn: 18118-39475 ug/g. Except for Cr and Pb, these values are one 
to two orders of magnitude greater than concentrations of the 
same metals in the control pond sediments. Total metal concentrations 
in water were less than 1 ppm in the settling ponds, but were 
higher than levels in the control ponds. 
Species diversity and the equitability of the distribution of 
individuals within species of the aquatic macroinvertebrate 
community of the settling pond were comparable to or greater than 
these parameters of the control pond communities. Aquatic insects 
predominated in the settling pond community, whereas planaria, 
snails, and leeches predominated in the control ponds. Differences 
in species composition were influenced by phytological and chemical 
differences between control and settling ponds. 
Species of biota tolerant to heavy metal concentrations in the 
settling ponds were identified. Biological effects of heavy metal 
contamination are discussed. 
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Chapter I 
INTRODUCTION 
An extensive literature documents biotic stress caused by heavy 
metal toxicity. The biota of the Clark Fork river have been 
especially subject to such stress since the intitiation of large scale 
mining operations in the upper Clark Fork river-basin in the late 
1800s. Prior to 1954, mining wastes from the Butte-Anaconda area 
flowed via tributaries directly into the Clark Fork river. A series 
of settling ponds was constructed by the Anaconda Mining Company 
' near Warm Springs in the 1950s to receive wastes from Silver Bow 
Creek and other tributaries (Fig. 1) (Montana Water Quality Bureau, 
1975.). 
Biological conditions of the upper Clark Fork river have 
generally improved due to the 50-90 percent efficiency of the 
settling ponds in removing metals from influent waters (Montana 
Water Quality Bureau, 1975). However, the Warm Springs ponds continue 
to be a major source of heavy metal pollution in the Clark Fork 
river from seepage and occasional spills (Bailey and Weisel, 1976; 
Montana Water Quality Bureau, 1975). 
The objectives of this study were to measure the concentrations 
of heavy metals in sediments, water, and selected biota of the Warm 
Springs settling ponds and to determine the effects these levels of 
heavy metals may have on the biota. A knowledge of the concentrations 
of heavy metals in the settling ponds and their effects on the biota 
is important for informed management of water quality in the upper 
Clark Fork River. 
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Figure 1 
Location of Rock Creek (RC) and Beavertail Road (BTR) Control Ponds 
and Warm Springs Settling Ponds. 
ANACONDA 
Chapter II 
DESCRIPTION OF STUDY AREAS 
A. Settling Ponds 
The Warm Springs settling ponds are owned and operated by the 
Anaconda Mining Company, and are located on the east side of Interstate 
Highway-90 at Warm Springs at an elevation of about 1463 meters m.s.l. 
(Fig. 1). The dikes are constructed of tailings, sand, and gravel, 
and are situated across the old Silver Bow Creek bottom at the head 
of the Clark Fork river. Total area of the Warm Springs settling 
ponds and tailings area is approximately two square miles (518 ha.) 
(from U.S.G.S. map, 1961). In a series of three ponds, the uppermost 
pond (designated WS3) is the largest (area - 190 ha.) and receives 
water from the Opportunity ponds and Silver Bow Creek (Fig. 2). 
Slaked lime is added with the Silver Bow influent to precipitate 
heavy metals in the ponds. Effluents from WS3 exit from two decant 
towers, one at either end of the north margin, and flow directly 
into the middle pond (designated WS2). WS2 serves to further 
precipitate metals from solution. Effluents from WS2 exit at the 
northwest corner down a cement flume to join with the Mi 11-plus-
Willow Creeks by-pass channel and Warm Springs Creek to form the 
Clark Fork river about 1.2 km northeast of the WS2 outlet. The 
Anaconda Company monitors several physical and chemical parameters 
of the WS2 effluent. The lowermost pond (designated WS1) serves in 
recycling seepage waters and to precipitate metals from those wastes. 
s 
Figure 2 
Warm Springs Settling Ponds and Sampling Sites 
WS1: Warm Springs #1 Pond (Lowest) 
WS2: Warm Springs #2 Pond (Middle) 
WS3j Warm Springs #3 Pond (Uppermost) 
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An automated lime depot located at the northeast corner of WS1 mixes 
lime with seepage waters returned to the pond from a collecting grid 
below the dikes. 
Although some surveys were made of each pond in this study, 
efforts were concentrated in determining the conditions of WS3 since 
WS2 is already monitored by the Anaconda Company and WS1 is not an 
important source of surface water to the Clark Fork river. 
B. Control Ponds 
The ideal control pond would have a physiography similar to 
the settling ponds', it would be located in a similar biome but 
would not be influenced by the Butte-Anaconda watershed. It would 
be unpolluted, and it would be readily accessible. Of the readily 
accessible ponds in the upper Clark Fork area, none have physical 
dimensions similar to the settling ponds'. Two ponds which are 
readily accessible, not influenced by the Butte-Anaconda watershed, 
and not metals-polluted are the Rock Creek pond (designated RC) and 
the Beavertail Road pond (designated BTR). 
RC is located on the north side of Interstate Highway-90 at the 
Rock Creek interchange about 70 road miles northwest of the Warm 
Springs settling ponds (Fig. 1). Elevation is near 1085 meters 
m.s.l. Although RC is a slow moving stream flowing from a spring 
to the Clark Fork river, it has these characteristics of a pond: 
a littoral zone, a lentic biota, and fine organic sediments. The 
flow-through characteristic is also found in the Warm Springs 
settling ponds WS2 and WS3. RC is roughly 1.3 km long by 30 m wide 
for a total area of about 4.0 hectares. 
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BTR is located 7.5 road miles east of RC on the north side of 
Interstate Highway-90. Water in BTR is stationary since there is 
no outlet from the ponds. Elevation is about 1097 meters m.s.l. 
and approximate area of the pond is 2.6 hectares. 
Chapter III 
METHODS AND MATERIALS: CHEMICAL ANALYSES 
A. General Laboratory Procedures: heavy metals 
All bottles and labware used in the collecting and preparation 
of samples for heavy metals analysis were washed in a hot solution 
of detergent (Alconox), rinsed in tap water, washed again in a 1:1 
v/v nitric acid solution, and rinsed at least three times in 
distilled-deionized water. 
All reagents used in procedures for heavy metal analyses were 
Analytical Reagent grade. 
Concentrations of heavy metals were determined with a Varian 
Techtron model 1000 atomic absorption spectrophotometer fitted with 
an air/acetylene slot burner. 
B. Waters 
From June 1976 through May 1977, excluding November and December, 
monthly field measurements, taken at the same site at about the same 
time of day for each pond, were made on RC, BTR, WS2, and WS3 for 
temperature, dissolved oxygen, alkalinity, pH, and specific 
conductance. 
Dissolved oxygen concentration was measured with a Delta 
Scientific model 85 D.O. meter which was calibrated periodically 
in the laboratory via the Winkler dissolved oxygen test per standard 
methods (Am. Pub. Health Assoc., 1965). Alkalinity was measured 
using Hach Chemical Company reagents and methods. A Sargent-Welch 
model PBX pH meter was used to measure pH, and was calibrated in the 
7 
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field at each sampling site. Specific conductance was measured with 
a Lab-Line Instruments, Inc. field conductance meter and results 
were referred to 25°C with a standard curve based on a potassium 
chloride solution (Am. Pub. Health Assoc., 1965). 
Water samples taken on the same dates as field measurements 
were analyzed in the laboratory for sulfate, hardness, and total 
and dissolved heavy metals including cadmium, chromium, copper, 
iron, lead, and zinc. Nitrogen and phosphorus levels were determined 
in three to four grab samples per pond by the Montana State 
Department of Health and Environmental Sciences Water Quality 
laboratory in Helena. 
Sulfate levels were determined with Delta Scientific reagents, 
colorimeter, and methods. Calcium and total hardness levels were 
determined with Hach Chemical Company reagents and methods. 
Water samples taken for dissolved metals analysis were filtered 
through 0.45 um Millipore filters and acidified to pH2 with AR grade 
redistilled nitric acid. Water samples for total metals analysis were 
prepared via a vigorous digestion procedure outlined by Varian 
Techtron (1972). Matrices of standard and sample solutions were 
prepared similarly. 
Water samples sent to the Montana Water Quality laboratory 
in Helena for analyses of nitrogen and phosphorus were preserved at 
the time of collection with a solution of mercuric chloride as 
prescribed by the laboratory. 
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C. Sediments 
Sediment samples were procured from the study areas with a 
copper coring device lined with a plastic sleeve of 3.5 cm inside 
diameter. A single sediment core sample was taken from the west end 
of the RC control pond about 1.5 m out from shore. One core sample 
was taken of sediments in the BTR control pond some 2.4 m from the 
WNW shore line. Another sediment core sample was taken of tailings 
in an area of vegetation at the southwest margin of the WS1 settling 
pond. Three core samples were taken of sediments in the WS3 settling 
pond: one at the west margin of the pond in an area of vegetation 
near the WS3w macroinvertebrate sampling site, one near the southeast 
margin of the pond at the inlet of Silver Bow Creek in an area of 
vegetation (WS3s), and one core at the north end of the pond taken 
off the northeast decant tower some 8-10 meters from the north margin 
(WS3n). 
Water depth and depth the corer was driven were noted for each 
core sample. Upon withdrawing the coring device from the sediments, 
the plastic sleeve containing the sediment sample was removed, the 
ends taped shut with plastic sheet, and the top end of the core 
sleeve labelled with pertinent information. The core samples were 
stored in the frozen condition until further preparation. 
Before thawing, the core samples were cut into 10-cm sections 
with a hacksaw, the ends of the samples washed away with distilled 
water to preclude contamination by the saw blade, and the frozen 
sediment sample extruded from the 10-cm plastic section into a clean, 
tared, Pyrex petri dish. The wet weight of the sample was noted, and 
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the sample was dried for 24 hours at 90°C in an oven. The dry weight 
was noted, and the sample was ground to a uniform powder in a glass 
mortar and stored in a labelled plastic bag. The procedure for total 
digestion is the same as that used by Bailey and Weisel (1976) using 
a nitric-perchloric-hydrofluoric acid digest solution. 
Concentrations of heavy metals in sediments were determined with 
a flame atomic absorption spectrophotometer employing instrumental 
procedures suggested by Varian Techtron (1972). The standard 
additions method of calibration was used. 
D. Tissues 
1. Odonates 
A single genus of damsel fly nymph (Enallagma) common to both the 
BTR control pond and WS3 was chosen for comparison of whole-body metal 
concentrations. Specimens were collected from the two areas on 
July 6, 1977 and transported live to the laboratory in their respective 
pond waters. Within ten hours from the time of collection, specimens 
of Enallagma were separated from the collections and frozen in labelled 
plastic bags. Upon thawing, 60 specimens from each group were measured 
for body length (excluding gills). Each group of 60 specimens was 
washed in an 0.1 M nitric acid solution for 30 seconds, and rinsed 
twice for 15 seconds each in distilled-deionized water to reduce the 
amount of metals adsorbed to the surface of the damsel fly nymphs. No 
measure of the reduction in levels of adsorbed metals due to this 
procedure was made. 
The two groups of washed specimens were oven dried at 90°C 
for five hours and the dry weight was determined on an analytical 
balance. Each sample was transferred to acid-washed 250 ml Teflon 
beakers. To each beaker was added 5 ml distilled-deionized water, 
plus 40 ml concentrated nitric acid, plus 5 ml concentrated 
perchloric acid. A plastic watchglass was placed over each beaker 
and the solutions gently evaporated to 5-10 ml, transferred to a 
200 ml volumetric flask and diluted to the mark with 0.1 M nitric 
acid. The final solutions of digested odonates were stored in 
labelled 250 ml plastic bottles until final analysis using the 
atomic absorption spectrophotometer. 
2. Angiosperms 
Five species of flowering plants were sampled from the study 
areas for heavy metal analysis in plant tissues. Three of these 
species were represented by samples taken from both a control pond 
and from the WS3 settling pond: Eleocharis ovata (spikerush), 
T.ypha latifolia (broadleaf cattail), and Zannichelia palustris 
(horned pondweed). The remaining two species were taken only from 
WS3: Scirpus validus (american bullrush), and Mentha arvensis (mint). 
Plant samples from WS3 were taken in an area from which a sediment 
core sample was also obtained (WS3s or WS3w). All plant specimens 
were cut at least 10-cm above soil level to avoid contamination from 
the soil, except Z. palustris which is a submerged aquatic plant. 
The specimens of ]\_ latifolia and S_^ validus from the WS3w collection 
site were further divided into "flowers" and "leaves" to determine if 
any differential concentration of metals might be occurring in these 
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species. Specimens of T. latifolia from all other areas were analyzed 
for metal accumulations in leaves only. All other samples were analyzed 
for metal concentrations in a composite of leaves, stems, and flowers. 
All plant specimens were returned to the laboratory within ten 
hours of collection to be washed in tap water and rinsed in distilled 
water. Little (1973) found that 70-85 percent of the total metal 
burden of elm leaves contaminated by aerial fallout was removed by 
washing in deionized water. 
After washing, the samples were sealed in labelled plastic bags 
and frozen until further preparation. Upon removal from the freezer, 
the plant specimens were taken from the plastic bags and oven dried 
at 90°C for 20 hours. The dried material was ground in a porcelain 
mortar. A sample weighing about 1.0 gram was transferred to an acid 
washed 250 ml Teflon beaker. To the ground plant material in each 
beaker was added 10 ml distilled-deionized water, plus 40 ml of 2:1 
v/v concentrated nitric: perchloric acid mixture. Each beaker was 
covered with a plastic watchglass and the digest solution was gently 
evaporated to about 10 ml volume. In a 200 ml volumetric flask, the 
digest solution was diluted to the mark with 0.1 M nitric acid and 
transferred to 250 ml plastic bottles. 
The final solutions of digested odonates and angiosperms were 
analyzed for concentrations of cadmium, chromium, copper, iron, lead, 
and zinc with the atomic absorption spectrophotometer. Calibration 
curves were developed for each metal using standards having 0.6 M 
HNO3 matrices. Metal concentrations in tissues were calculated via 
the formula: 
c t  - (cs) (V)/Wt 
where Ct = concentration in dry tissue, ug/g 
Cs = concentration in sample solution, ppm or ug/ml 
V = volume of sample, i.e. 200 ml 
Wj. = dry weight of tissue sample, grams. 
Chapter IV 
METHODS AND MATERIALS: BIOTA SURVEYS 
A. Plants 
Flowering plants were collected from the margins and littoral zones 
of the control and settling ponds throughout the summer and early 
fall of 1976. Special notice was taken of angiosperms growing near 
sediment core sampling sites and in the littoral zones. Species 
were identified employing the taxonomic keys of Davis (1952), 
Britton and Brown (1913), Harrington (1964), Muenscher (1944), 
Peck (1961), and Prescott (1969). 
Occasional collections of algae growing in the settling ponds 
were made. These plants were either preserved in 3-5 percent 
formalin or transported live to the laboratory for identification. 
Algae were identified with the taxonomic keys of Prescott (1962, 
1964). 
B. Fauna 
Aquatic macroinvertebrates were sampled quantitatively on a 
monthly basis from June through October, 1976, with semi-artificial-
2 substrate samplers of 0.093 m (square-foot) area. Supplementary 
qualitative samples were taken concurrently using dip nets and sieves, 
and by hand-picking specimens from rocks and vegetation. 
The semi-artificial-substrate samplers were constructed from 
steel screen having a mesh of 5.1 cm by 10.2 cm, lined with 2.5 cm 
mesh steel chicken wire. Overall dimensions of the completed basket 
are 30.5 cm by 30.5 cm by 10.2 cm deep. Each basket was loaded with 
coarse gravel from a single source. Size of the gravel ranged from 
14 
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2.5 cm to 7.5 cm diameter. Within these limits, the size distribution 
of gravel loaded into the baskets was not standardized. 
A stratified random sampling scheme was employed, wherein major 
habitat types were delineated for each pond to be sampled, and the 
sampling site within each habitat area was randomly selected. Three 
samplers (designated X,Y,Z) spaced at two-meter intervals were placed 
at each sampling site. One site was selected at the BTR control 
pond, two sites at the RC control pond, and three sites at the WS3 
settling pond. 
Delineation of habitat types in the control ponds and the WS3 
settling pond was restricted to the shallow margins of the littoral 
zone (depth less than 30 cm, distance from shore-line less than 1.5 m) 
for two practical reasons. First, the sediments of the WS3 settling 
pond are structurally inadequate to support the weight of the gravel-
laden samplers at distances beyond about 1.5 m from shore. Closer to 
the shore-line a layer of alluvial sand covers the colloidal sediments 
and provides a base capable of supporting the samplers. Second, 
preliminary investigations showed that macroinvertebrates tend to 
avoid exposed areas of these metal-laden sediments of the settling 
ponds, thus a greater variety and number of invertebrates could be 
sampled from the sand and gravel covered areas of the littoral zone. 
Accordingly, interpretation of data takes into consideration the 
relationship of the physiography of the sampling area to that of the 
whole pond. 
Four major habitat areas were delineated along the shallow 
margins of the littoral zone of WS3: 
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a) The north and northwest margin consisting of sand and 
coarse gravel overlaying colloidal sediments; patches of horned 
pondweed growing in the area with masses occasionally washed 
ashore by wind and wave action. 
b) The west margin consisting of coarse sand overlaying 
colloidal sediments; patches of horned pondweed growing in the 
area; prevailing windward side of the pond; masses of pondweed 
seldom wash-up in this area. 
c) The east margin consisting of coarse sand overlaying 
colloidal sediments; patches of horned pondweed present; 
prevailing leeward side of pond so masses of pondweed commonly 
wash into the area; sandy sediments are unstable in this area 
and often partially filled the samplers. 
d) The south margin consisting of sand and organic matter 
overlaying colloidal sediments; complex community of plants 
growing in the area; delta-like inlet of Silverbow Creek. This 
area proved impractical to sample and largely inaccessible due 
to the shallowness of the water and the structural weakness of 
the sediments. 
The three habitat areas sampled in the WS3 pond were the north 
margin (WS3n), the west margin (WS3w), and the east margin (WS3e) 
(Fig. 2). 
Habitat types were delineated similarly for the two control 
ponds. The RC control pond has two major habitat areas along the 
shallow littoral margins: 
a) a steep north-northeast margin consisting of sedimentary 
rock; dense masses of filamentous green algae in the area as 
well as water cress and duckweed. 
b) a more shallow southern margin consisting of sedimentary 
rock partially covered with organic sediments and dense masses 
of filamentous algae, water cress, and brook grass. 
Both the north habitat area (RCN) and the southern area (RCS) 
were sampled. 
The BTR control pond has basically a 1.5-2 meter deep, rocky 
west end, and a more shallow, sandy-mucky east end, the two types 
intergrading towards the center of the pond. To maintain a constant 
number of samplers for control and settling ponds (i.e. nine 
samplers per each set of ponds), only one site was randomly selected 
at the BTR control pond. This site is on the north margin of the 
rocky west end in an area of angular sedimentary rocks with thin 
masses of filamentous algae, brook grass, and waterweed (elodea). 
This site is designated BTR. 
Biotic colonization of the samplers was allowed to occur for 
one month intervals. At the end of each month, the samplers were 
removed from the water and immediately placed on a 60 x 60 cm plastic 
catch sheet to minimize loss of macroinvertebrates. Rocks from one 
basket at a time were washed individually of periphyton and 
invertebrates in a 10-liter plastic tub partially filled with pond 
water. After all rocks had been washed, they were replaced in the 
basket, and the sampler returned to its specific location in the pond. 
Washings in the plastic tub and specimens collected by the catch sheet 
were Seived through a U. S. Standard no. 30 strainer (0.595 mm 
openings). Retained organisms were transferred to labelled glass 
jars containing either 70% ethanol or 10% formalin, or were transported 
live to the laboratory for identification. Most specimens were 
identified to genus. The taxonomic keys used were Boving and 
Craighead (1953), Hilsenhoff (1975), Neddham and Westfall (1955), 
Sawer (1972), Usinger (1956), Walker (1953), and Ward and Whipple 
(1966). 
Macroinvertebrate population data from the two control ponds, 
RC and BTR, were evaluated as separate and combined quantities. 
Adult fish were collected with a gill net set overnight at the 
northeast decant tower of the WS3 settling pond on 26 June 1976 and 
26 May 1977. Adults were identified and placed in plastic bags for 
storage in a freezer. Larval fish were collected with a number-30 
strainer, preserved in 5% formalin, and identified in the laboratory. 
Chapter V 
RESULTS 
A. Water Analyses 
Except for temperature, fluctuations of water quality parameters 
in the settling ponds apparently are not correlated with fluctuations 
in the control ponds (Figs. 3-19). This is expected since the 
chemical conditions of the settling ponds are largely the result of 
Anaconda Company mining and waste water treatment operations. 
An apparent difference exists between the chemical dynamics of the 
two control ponds, RC and BTR. Temperature, pH, concuctivity, sulfate 
concentration, hardness, and alkalinity values are much more stable 
in RC than in BTR (Figs. 3-8). RC is a spring-fed, slow moving 
stream as previously described, and the chemical stabilities result 
from these hydrological characteristics. 
The apparent differences between the chemical dynamics of the 
two control ponds illustrate the fact that these ponds are largely 
separate and unique ecosystems. This contrasts sharply with the 
obvious similarities of the chemical dynamics in the settling ponds 
WS2 and WS3, which are joined hydrologically. 
The conductivity of water is directly related to the concentration 
of dissolved ions (Figs. 5-7). Hardness factors primarily include 
Ca++ and Mg++. Sulfate anions partially balance the net charge in 
these aquatic systems. Hem (1959) explains in detail the chemistry 
and sources of these and other substances in natural waters. 
The elevated levels of sulfates and hardness factors (especially 
Ca) in the Warm Springs settling ponds are derived from the neutraliza-
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tion of sulfuric acid, a byproduct of mining operations, with 
slaked lime (calcium hydroxide): 
Ca++ + 20H" + HS04" + H+ + CaS04(s) + 2H20 
Lime dissociates in water forming hydroxide anions thereby increasing 
the pH (Fig. 4). Calcium represented about 90 percent of the total 
hardness in the settling ponds, and 69 and 53 percent in RC and BTR 
respectively. 
The acid neutralization capacity, or alkalinity, of water can 
be expressed as an equivalent concentration of calcium carbonate. 
The volume- or weight-specific buffering capacity of the settling 
ponds was generally less than that of the control ponds (Fig. 8). 
Dissolved oxygen levels were essentially the same in the two 
settling ponds (Fig. 9). No significant correlation exists between 
the dissolved oxygen levels of RC-tss5, BTR-WS3, or RC-BTR (P > 0.95). 
This again indicates that we are dealing with three separate systems. 
A pronounced midsummer-early winter oxygen sag is shown for RC 
(Fig. 9). This probably represents a seasonal decline in photosynthes 
and an increase in decomposition. RC remains ice-free year round, 
thus the contribution of atmospheric 02 remains essentially the same. 
Total nitrogen and phosphorus levels are generally higher in the 
settling ponds than in the control ponds (Figs. 10, 11). The levels 
of these nutrients can give an indication of the potential for 
additional growth of plants in those waters, however, they are less 
useful in predicting the amount of vegetation present in the pond. 
Vegetation may take-up a large percentage of the total N and P in the 
pond, leaving relatively low levels in solution. Conversely, an 
essentially sterile pond may have large amounts of N and P if other 
conditions for growth are not favorable. Mackenthum (1965) found 
that the levels of inorganic N and P at the start of an algal bloom 
were 300 ug/1 and 10 ug/1 respectively. Vollenweider (1968) indicates 
5-10 ug/1 total phosphorus characteristic of oligo-mesotrophic lakes. 
Phosphorus levels are likely to be limiting the additional growth of 
plants in all ponds, and nitrogen levels may also be limiting growth 
in the Beavertail Road control pond. The higher nitrogen levels in 
the settling ponds likely result from the addition of municipal 
sewage from Butte and Anaconda. 
Even though pH is generally higher in the settling ponds (Fig. 4), 
heavy metal concentrations are noticeably lower in the control ponds 
(Figs. 12-19). Levels of Cr and Pb are below the detection limits of 
40 ppb and 100 ppb, respectively, in all ponds. Anaconda Company data 
for the period April 1, 1976 through May 31, 1977 (available from M. 
A. Neher) indicate total Pb levels are generally below 5 ppb and 
rarely reach as high as 12 ppb in WS2. 
My total metal analyses yielded results not significantly greater 
than results of dissolved metal analyses (P > 0.95), and due to 
problems with analytical technique, 13 percent of the values for 
total metals were less than their corresponding values for dissolved 
metals. This raises some doubt about the accuracy of results, 
however the general trends I believe are valid (Figs. 16-19). 
Silver Bow Creek contributes substantial amounts of heavy metals 
to WS3 (Table 1). Effluents from the Opportunity settling ponds 
CONCENTRATION OF TOTAL METALS FLOWING INTO YtSZ 
VIA SILVER BOW CREEK* 
Element X, ppb SD, ppb N 
Cd 7.4 5.0 70 
Cu 304 185 70 
Fe 2150 2399 68 
Fb 31.6 69.8 70 
Zn 838 423 70 
As 16.2 36.6 69 
* from Anaconda Company data for the period 
1 April 1976 through 31 May 1977. 
Table 1 
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probably contribute substantial amounts of metals to WS3 also. 
Sediments in the Warm Springs settling ponds may yield particulate 
metals in the form of organic and inorganic complexes into the 
overlaying water due to wave action, convection, and the escape 
of gas-buoyed organisms (e.g. algae) from the sediments. Dynamic 
chemical equilibria likely exist between metals in the sediments 
and dissolved metals in the water column as well. 
B. Sediment Analyses 
As expected, the settling pond sediments are generally higher 
in levels of heavy metals than the control pond sediments (Table 2, 
Figs. 20-22). Core samples designated WS3s, WS3w, and WS1 were 
obtained at the extreme margins of the pond in vegetation sampling 
areas. Because less-contaminated alluvium has mixed with and/or 
overlays the precipitated metal-hydroxide sediments of the 
settling ponds, levels of metals are lower in cores taken from the 
areas WS3s and WS3w. The single core taken off the northeast decant 
tower of WS3 is probably more representative of sediments in WS3 
than the other two cores. It was driven 350 cm into the sediment 
with comparative ease. The sediments averaged 85 percent water by 
weight and were colloidal in nature. The highest concentrations of 
metals in the WS3n core were in the top 15 cm (Fig. 23). Although 
the pattern of distribution of metals is not striking in this graph 
due to the logarithmic ordinate scale, wide fluctuations in concen­
trations do occur for most of these metals. Statistical analysis 
of the relationships between metals in the WS3n core (Table 3) shows 
that the distribution of Cd is significantly correlated with the 
SEDIMENT ANALYSES 
(ug/e* dry weight basis) 
Sample # Cd Cr 
RC-10* <0.4 80 
RC-20 <0.4 60 
BTR-10* *0.4 70 
BTR-20 3.2 60 
WS1-10 <0.4 110 
WS1-20 <0.4 110 
WS3wwlO 102.4 60 
Y/S3W-20 <0.4 70 
WS3S-10 35.7 40 
WS3s-20 11.0 40 
WS3s-30 <0.4 40 
WS3s-40» 2.8 40 
Y/S3n-10* 647.4 120 
WS3n-20 670.2 100 
YJS3n-30 623.4 80 
VG3n—40 724.1 100 
WS3n—50 422.6 100 
VB3n-60 321.0 60 
V/S3n-70 322.8 80 
V/S3n-80 485.0 100 
TJS3n-90 463.4 80 
WS3n-100 408.1 100 
WS3n-110 51.0 60 
Fe Fb Zn 
18200 440 302 
26690 280 466 
31440 240 1324 
36280 240 9184 
78610 1430 289 
79400 1540 244 
77660 550 10142 
42180 80 182 
64570 590 4570 
52030 470 1164 
50830 360 330 
55080 340 1050 
264800 580 34605 
292280 600 39475 
281300 870 35948 
300680 1120 36554 
230610 1210 25870 
186940 720 18118 
233410 800 26985 
222210 950 23807 
237020 820 22290 
291900 1120 25246 
244360 1030 22649 
Cu 
560 
760 
340 
930 
450 
440 
2780 
660 
1650 
280 
70 
480 
17660 
17550 
12970 
21430 
19840 
13300 
11460 
12100 
8450 
8860 
6460 
* average of two replicate samples 
Table 2 
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WS3n SEDIMENT CORE: 
RELATIONSHIPS BETWEEN METAL CONCENTRATIONS 
(a = IX; df z 9) 
Metals 
Compared r (1) 
Cd-Cr 0»707 
Cd-Cu 0.704 
Cd-Fe 0.585 
Cd-Fb 0.722 
Cd-Zn 0.791 
Cr-Cu 0.593 
Cr-Fe 0.508 
Cr-Fb 0.000 
Cr-Zn 0.572 
Cu-Fe 0.278 
Cu-Fb -0.016 
Cu-Zn 0.614 
Fe-Fb 0.107 
Fe-Zn 0.808 
Fb-Za -0.247 
Level of 
"fcs (2) Sigaificance 
2.999 P * 0.05 
2.974 P - 0.05 
2.163 as 
. 3.126 P a 0,05 
3.880 P * 0.01 
2.210 as 
1.769 ns 
0.000 ns 
2.092 ns 
0.867 ns 
-0.049 as 
2.334 as 
0,323 as 
4.114 P * 0.01 
-0.765 ns 
1. r s produot-moment correlation coefficient. 
2. ts s Student's-t statistic* 
3* t.01 (9) 2 3.250; t o5 (9) = 2.625; ns Z not 
significant. 
Table 3 
distributions of Cr, Cu, Pb (P < 0.05) and Zn (P < 0.01), and Fe 
is significantly correlated with Zn (P < 0.01). All other comparisons 
were nonsignificant. It is difficult to interpret these results 
without a knowledge of the geology of the Butte area, of the 
history of mining operations in the area, and of the history of 
other discharges into the Warm Springs settling ponds from the 
Butte/Anaconda area. Historically, municipal and industrial 
wastes from Anaconda and Butte have been discharged into Silver 
Bow Creek. The Montana Water Quality Bureau (1975) has calculated 
the metal contributions from the Anaconda Company's Butte operations, 
the Butte Metro sewage treatment system, and Butte storm sewers into 
Silver Bow Creek. The Bureau's data indicate that the major 
contributions of Cu, Fe, and Zn from the Butte area into Silver 
Bow Creek have been from runoff into the storm sewers, and that 
the Anaconda Company's Butte operations and Continental East 
mining pit have contributed the majority of As, Cd, and Pb. 
Contributions of heavy metals to WS3 also come from the Opportunity 
settling ponds which receive municipal and industrial wastes from 
the city of Anaconda. The patterns of distribution of Fe and Zn 
in the Ws3n sediment core may be most related to historical 
discharges from the Butte sewer system into Silver Bow Creek. 
Distributional patterns of Cd, Cr, Cu, and Pb may be most related 
to historical discharges from the Butte/Anaconda mining operations. 
A rough estimate of the total reservoir of metal in the WS3 
settling pond sediments can be calculated as follows: 
48 
CabDA (1/d) = M 
where C = ug/g metal in sediment, average value 
a = 1 x 10"®: converts C to g/g 
b = 0.15: converts dry weight C to wet weight C 
D = average sediment depth - 0.25 (3.5 m) = 0.85 m 
A = area s 190 x 10^ m^ 
d = density of wet sediments = 1.2 g/cc 
M = metric tons of metal in sediments 
The loads of heavy metals in the WS3 pond sediments, based on 
concentrations in the WS3n core, as estimated by the above equation 
in metric tons are Cd: 94, Cr: 18, Cu: 2766, Fe: 51120, Pb: 180, 
and Zn: 5718. It is apparent the ponds pose a long-term problem to 
the water quality of the Clark Fork river in terms of potential 
seepage and inadvertent releases of these sediments. Peaks of 
metal concentrations found in sediment cores taken from the sediments 
of Milltown Reservoir on the Clark Fork river near Missoula were 
attributed to uneven releases from the Warm Springs settling ponds 
(Bailey and Weisel, 1976). Range of average concentrations in ug/g 
of metals found in sediment cores taken from Milltown Reservoir by 
Bailey and Weisel (1976) include Cu: 11-4927, Fe: 18320-39510, and 
Zn: 48-4915. The average concentrations of these metals in the most 
heavily contaminated sediment sample from Milltown Reservoir are 36, 
16, and 17 percent of the average values of Cu, Fe, and Zn, 
respectively, in the WS3n sediment core. 
C. Tissue Analyses 
A striking difference was found between concentrations of 
metals in samples of Zannichelia palustris taken from WS3n and BTR 
(Table 4). Z. palustris is a submerged, rooted plant. The high 
metal concentrations in this sample may be due to the plant's 
close association with the sediment and adsorption of metals to 
tissue surfaces. The amounts of adsorbed versus absorbed metals 
is important in interpreting physiological characteristics of the 
plant. The total concentration is important, however, in assessing 
potential metal contributions to herbivores. Metal concentrations 
were found to be higher in flowers than in leaves of Typha latifolia 
and Scirpus americanus. 
Each of the two samples of damsel fly nymphs from BTR and WS3 
represent 60 specimens. The average dry weight and body length 
(excluding gills) of specimens from BTR are 6.0 mg and 13.1 mm. 
The same measurements for specimens from WS3 are 10.7 mg and 16.1 
mm. WS3 nymphs were significantly longer than BTR specimens 
(P < 0.05), and average body dry weights were 78 percent greater 
in the WS3 specimens. Cd, Cr, and Fe concentrations are higher 
in the WS3 sample (Table 5). This may be due in part to surface 
contamination since these are benthic organisms and the metal 
concentrations in WS3 sediments are much higher than in BTR 
sediments. The larger size and weight of the WS3 nymphs indicate 
the higher levels of metals in these sepcimens may also be due in 
part to a greater total metabolic history. Because all specimens 
were washed in a 0.1 M HNOg solution prior to analysis, the metal 
METAL CONCENTRATIONS IN PUNT TISSUES, ug/g 
(single sample analyses) 
Species Looation Cd Cr Cu Fe Pb Zn 
Mentha, arvensis WS3w 1 .96 11, .8 41, .2 265 <20 137 
Soirpus validus-leave6 WS3w 0 .98 5, .9 10 .0 187 <20 59 
S. validus-flower8 WS3w 1 .51 13, .0 45, .3 205 <22 102 
Typha latiifolia-flowers WS3w 2 .69 11, .5 28, .8 259 <19 81 
T. latifolia-leaves WS3w 0 .99 9, .9 9, .9 109 <20 55 
ETeooharis ovata WS3w 6 .29 19, .7 35, .4 364 <£20 177 
T. latifolia-leaves WS3s ^0 .20 11, .9 9, .9 129 ^20 50 
Zanniohelia palustris-whole WS3n 42 .19 12, .1 367, .7 3084 *20 629 
E. ovata RC 1 .00 20, .1 6, .0 90 <20 70 
2T palustris-whole BTR 3 .12 18, .7 9, .4 515 <31 126 
F7 latifolia-leaves BTR 1 .00 10, .1 6, .0 312 •<20 24 
Table 4 
V/HOLE BODY METAL CONCENTRATIONS 
IN DAMSELFLY NYMPHS (GENUS ENALLAGMA), ug/g 
(single sample analyses) 
Looation Cd Cr Cu Fe Pb Zn 
WS3 21.54 61.4 15.4 200 <31 126 
BTR 1.09 <16.4 <16.4 109 <57 191 
Table 5 
concentrations available to predators would likely be greater than 
values presented here. 
D. Biota Surveys 
1. Plants 
Although seven species of "aquatic plants", as defined by 
Muenscher (1944), were found growing at various sites of the 
settling ponds (Table 6), it is important to note that Zannichelia 
palustris (horned pondweed) is the only submerged angiosperm 
growing on the central, metal-laden sediments of WS3. Z. palustris 
is also found in the control ponds. Further research should be 
undertaken to determine the mechanisms of tolerance to high 
concentrations of heavy metals in this species. 
Two species of submerged angiosperms found in the control 
ponds, but not in the settling ponds, are Anacharis canadensis 
(elodea, or waterweed) and Ranunculus aquatilis (water crowfoot). 
These species may be sensitive to heavy metal contamination in water. 
Sixteen species of terrestrial angiosperms were found growing 
on tailings at the WS1 sampling site, and 18 species were found 
growing on sediments at the WS3w sampling site (Table 7). Several 
of these species are also found on uncontaminated soils near the 
control ponds. Analyses of total available metal concentrations 
in sediment samples from these sites indicate that some plants can 
tolerate 51 ppm Cd, 110 ppm Cr, 1720 ppm Cu, 79000 ppm Fe, 1485 ppm 
Pb, and 5162 ppm Zn (Figs. 20-22). 
AQUATIC ANGIOSPERMS 
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Speoies 
Anaoharis canadensis 
Beolcmanaia syzigachne 
Catabro3a aquatica 
Eleooharis ovata 
Glyoeria grandis 
Lemna minor 
Polygonum amphibium 
fcanunoulu3 aquatilis 
Rorippa nasturtium-aquatioum 
Rumex persicaroides 
Soirpus valid lis 
Sjum suave 
Sparganium multipedunculatum 
Typha latifolia 
Veronica amerioana 
fcannichelia palustris 
RC 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
BTR 
X 
X 
X 
X 
X 
X 
Sampling Site 
X 
X 
WS1 
X 
X 
X 
X 
WS3w WS3s 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
JL 
X denotes presenoe 
Table 6 
TERRESTRIAL ANGIOSPERMS 
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Species 
Agropyron oristatum 
A, 8pioatum 
Sgrostris alba 
Artemesia biennis 
Aster hesperiua 
Atriplex hortensis 
Widens "oernua 
Bromus sp. 
Carex sp, 
bentaurea maculosa 
Chenopo57um sp. 
(iirsium arvense 
vnlgare 
UTematis ligusticifolia 
Conzya "canadensis 
Cornus sericea 
^pilobium adenocaulon 
Glyoeria grandis 
HeliantKus sp. 
H. annuus 
Lactuca scariola 
Melilotus alba 
M. officionalis 
Mentha arvensis" 
Mentzelia decapetala 
M. laevicaulis 
Nepeta cataria 
Polygonum aviculare 
P» lapatKifolium 
Puocinellia airoides 
Ranunculus sceleratus 
Ratibida columnifera 
ftorippa"" islandica 
Rumex paucifolius 
R. triangulivalvis 
Solidago gigantea 
Tanacetum vulgare 
Urtica gracilis 
Verbascum bla'Etaria 
V. t haps us 
Sampling Site 
RC 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
BTR 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
WS1 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
V/S3w 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
7ifS3s 
X 
X 
X 
X 
X 
X 
X denotes presence 
Table 7 
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Among the algae which survive in the settling ponds are 
Ankistrodesmus, Chlorella, Cladophora, Oscillatoria, Euglena, and 
Scenedesmus. Tufts of Cladophora were generally found growing 
attached to rocks at the margins of the ponds and were not directly 
associated with the sediments. Oscillatoria was found growing 
directly on the sediments. Increased turbidity of the settling 
ponds during the spring were attributed to blooms of Chlorella 
and other plankton which in turn were correlated with temperature 
and nutrient levels (M. A. Neher, unpublished). 
2. Macroi nvertebrates 
Thirty-six genera of macroinvertebrates were found in control 
ponds and forty-four in the settling ponds (Table 8). Flatworms 
(Planaridae) and aquatic earthworms (Naididae) are conspicuously 
absent from the settling ponds. Snails were absent from WS3 but 
were present among rocks on the margin of WS2. 
Data resulting from the method of quantitative sampling of the 
macroinvertebrate fauna used in this study more accurately describe 
the fauna which preferentially colonize the gravel in the samplers 
rather than the communities found on the particular substrates of 
each pond. Likewise, quantitative data collected from the communities 
located at the margins of any pond, and especially the settling 
ponds, are probably not valid for the pond as a whole since 
environmental conditions are different in the center of the pond. 
On the other hand, it is valid to compare data obtained in the same 
manner (i.e. with semi-artificial substrate samplers) from different 
areas. Thus, any differences observed in the fauna which colonize 
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Table 8. MACROINVERTEBRATE QUALITATIVE DATAs 
GENERA FOUND IN CONTROL OR SETTLING PONDS 
(sampling period June 1976 to May 1977) 
Control Settling 
Family Genus Ponds (l) Ponds 
Lymnae idae Lvmnaea X X 
Physida© Phys a X X 
Planorbidae Promenetus X X 
Planaridae Ducesia X 
Glossiphoniidae Glossiphonia X 
it Helobdella X 
N Theromyson X 
Erpobdellidae Erpobdella X 
Na ididae Stvlaria X 
Talitridae Hyalella X X 
Gannnaridae Gammarus X 
Dytiscidae Agabus X X 
If Bidessus X 
tt Coptotomus X 
tt Deronectes X X 
tt Dytiscus X 
t« Hvdaticus X 
tt Hygrotus X 
tt Hydroporus X 
tl Ilybius X 
tt Lacoophilus X 
tt Rhantus X X 
tt Uvarus X 
Elmidae Optioservus X 
Haliplidae Haliplus X X 
tt Peltodytes X 
Eydrophilida© Berosus X 
tt Helophorus X 
tt Hydrobius X 
tt Tropisternus X 
Aeshnidae Aeshna X X 
Libellulidae Leucorrhinia X 
tt Sympetrum X 
Coenagrionidae Coenaexion X 
tt Ishnura X 
tt EnallapTna X X 
Lestidae Lestes X 
Corixidae Hesperocorixa X X 
tt Sieara X X 
Gerridae Gerris X X 
Notonectidae Buenoa X 
n Notoneeta X X 
(continued) 
MACROINVERTEBRATE QUALITATIVE DATA* 
GENERA FOUND IN CONTROL OR SETTLING PONDS 
(sampling period June 1976 to May 1977) 
Control Settling 
Family Genus Ponds (l) PondB (2) 
Hydroptilidae Staotobiella X X 
Leptoceridae Oecetis X X 
n Triaenodes X 
Limnephilidae Limnephilus X X 
N Hesperophylax X 
Phryganeidae Phrygane®, X X 
n 
ftilOStoijtt!? X 
B&etidae Baetis X 
tt Callibaetis X X 
Ceratopogonidae * X X 
Chironomidae * X X 
Museidae * X 
Soiomyzidae Diotya X 
Syrphidae Tubifera X 
Tipulidae Dictya X 
n Prionocera X X 
1, Control Ponds* Rock Creek Pond or Beavertail Road Pond. 
2. Settling Ponds: Warm Springs #2 Pond or Warm Springs #3 
Pond. 
* Genus not determined. 
the samplers can be attributed to factors other than differences 
in substrate (e.g. growth of periphyton, water quality, etc.). 
There is a vast difference between the macroinvertebrate 
communities of the control and settling ponds even at the phylum 
level (Table 9). Dugesia tigrina, Helobdella stagnalis, and 
chironomid larvae are the dominant macroinvertebrates in the control 
ponds, whereas chironomid larvae are the most abundant macroinverte­
brates in WS3 (Tables 10, 11). Fourteen genera of beetles were 
found in WS3, and only four genera were found in the control ponds. 
Of the 1ibe!1ulid odonates, Sympetrum nymphs were found only in WS3, 
whereas Leucorrhinia nymphs were found only in the control ponds. 
Sympetrum and Aeshna nymphs were both fairly common along the 
margins of WS3. Many Tubifera larvae were found associated with 
masses of Zannichelia palustris along the edge of the water in WS3. 
The Shannon-Weaver diversity index and the Lloyd-Ghelardi 
measure of equitability were calculated according to formulae 
recommended by the U. S. Environmental Protection Agency (1973). For 
every sampling period except September-October, species diversity 
and equitability of species distribution within the macroinvertebrate 
community of WS3 were greater than or comparable to these measures in 
the control pond communities (Table 12). Data for macroinvertebrates 
identified only to family (Ceratopogonidae, Chironomidae, and Muscidae) 
were not included in these calculations. 
3. Fish 
Larval and adult forms of Richardsonius balteatus (redside shiner) 
and Catostomus catostomus (longnose sucker) were found in WS3. Two 
QUANTITATIVE COMPARISON 
OF CONTROL AND SETTLING POND 
MACROINVERTEBRATE PHTCA 
(numbers/sample) 
Sample Means: RC & BTR 
Date Hal Platyhelminthes Mollusca Annelida Arthropoda 
Jne-Jly 8 195.625 2.625 103.125 37.125 
Jly-Aug 8 39.125 2.500 13.000 9.625 
Aug-Sep 9 5.222 5.889 16.111 7.222 
Sep-Oot 9 10.667 6.889 13.889 3.111 
Sample Means: WS3 
Date n3* Platyhe lmi nt he s Mollus ca Annelida Arthropoda 
Jne-Jly 8 0 0 0.125 46.625 
Jly-Aug 9 0 0 0 69.333 
Aug-^ep 9 0 0 0 26.111 
Sep-Oct 9 0 0 0 58.889 
* nst number of samples 
Table 9 
o> 
ID 
MACROINVERTEBRATE QUANTITATIVE DATAi RC & BTR 
COMBINED MEAN AND STANDARD DEVIATION 
(numbera/s ample) 
Sampling periods 
Genus 
Jne-Jly (N Z 8) Jly-Aug 5*
 
I
I
 
CO
 
Aug-Sep (N Z 9) Sep-Oct (N S 9) 
x sd X sd X sd X sd 
Lymnaea 0.6 0.5 0.1 0.4 0.4 1.4 1.1 3.2 
Phys a 1.4 0.7 1.4 1.3 1.7 1.9 1.9 2.5 
Promenetus 0.6 0.7 1.0 1.8 3.8 6.7 3.9 9.2 
bugeaia 195.6 192.0 39.1 60.3 5.2 8,2 10o7 17.1 
Glossiphonia 0»4 0.7 -- — 0.2 0.4 0.8 0.7 
Helobdella 101.1 134.6 11.6 11.8 14.4 14.6 12.1 15.2 
Stylaria 1.6 1.3 1.4 1.1 1.4 2.0 1.0 1.2 
Hyalella 3.0 5.2 2.6 3.7 3.7 4.5 0.7 1.3 
kammarus mmmm __ __ -- — 0.1 0.3 
Deroneotes 0.1 0.4 0.4 0.7 — mm** — mmmm 
Hydroporus — — 0.1 0.3 — — 
Haliplus — 2.4 6.7 — — 0.2 0.7 
Helophoru8 — 0.1 0.4 — — — mmmm 
Leuoorrhinia mmmm mmmm 0.8 1.8 — mmmm 
Enallagma 0.1 0.4 0.1 0.4 — mmmm 0.1 0.3 
Hesperooorixa __ mmmm -- — 0.6 Ul 
Gerris 0.1 0.4 __ — __ __ 
Staotobiella 1.4 3.1 0.2 0.7 1.4 3.S 
Cer&topogonidae* 0.8 1.0 — — — — 
Chironomidae# 36.1 56.3 2.5 5.1 3.1 8,2 — — 
Musoidae^ mmm — 0.1 0.4 0.1 0.3 — ~ 
Diotya — — 0.1 0.4 — — — 
•Family only? genus not determined 
— indioatea absence. Table 10 
Table 11. MACROINVERTEBRATE QUANTITATIVE DATAi WS3 
MEAN AND STANDARD DEVIATION (numbers/sample) 
Sampling periodi Jne-Jly (N Z 8) Jly-Aug (N - 9) Aug-Sep (N a 9) Sep-Oot (N - 9) 
Genus X sd X sd X sd X sd 
Erpobdella 0.1 0.4 mmmm «•— __ mmmm ttmmm 
Hyalella 0.6 1.4 mmmm — -- — 0.1 0.3 
Agabus 0.3 0.7 2.4 3.9 0.1 0*3 0.1 0.3 
Bidessus mmmm — 0.2 0.4 0.2 0.7 — — 
Deroneote3 1.9 2.4 6.1 16.9 0.2 0.4 0.6 0.5 
Dybisous 0.8 1.0 0.2 0.4 mm mm mmmm mmmm 
Hydatious 0.1 0.4 mmmm — mmmm mm mm mmmm — 
Hygrotus 3.9 4.2 — mmmm mmmm — m$mm 
Ilybius 3.6 4.5 1.1 3.0 — —  mmmm ~ --
Laooophilus 0.3 0.5 6.7 10.8 — mmmm — 
Rhantua 0.4 0.7 0.4 0.7 mmmm — mmmm mmmm 
Uvarus 0.3 0.7 — — -- mmmm mmmm 
Optioservus mmmm — 0.1 0.3 — mmmm mmmm — 
Haliplus 0.1 0.4 mmmm — — mmmm mmmm — 
Berosus 0.1 0.4 •— mm mi — mmmm — 
Hydrobius 0.3 0.5 mmmm mmmm — — — 
Aeshna 0.9 3.1 3.4 4.2 2.9 3.5 3.2 7.S 
Sympetrum — 1.0 1.8 1.4 1.4 — — 
Enallagma 1.0 1.6 — — . 5.6 3.7 10 04 7.8 
Lestes 0.3 0.5 0.1 0.3 mmmm mmmm — 
Hesperooorixa — -- ••Ml mmmm 0.2 0.7 mmmm — 
Sigara 0.1 0.4 0.3 0.7 1.2 1.5 0,3 0.3 
(oontinued) 
MACROINVERTEBRATE QUANTITATIVE DATAi WS3 
MEAN AND STANDARD DEVIATION (nvunbers/sample) 
Sampling periodi Jne-Jly (N Z 8) Jly-Aug (N a 9) Aug- Sep (N s 9) Sep-Oot (N s 9) 
Genus ac sd x sd x sd x sd 
Notoneota — — 0,2 0,4 — — 0,2 0,7 
Triaenodes — — — — — — 0ol 0,3 
Phryganea — — — — 0,1 0,3 
Pfcilostomis — — — — 0ol 0,3 1,1 0,3 
Ceratopogonidae* 0,6 9,7 — —— 0,2 0,7 — —— 
Chironomidae* 31,9 32,3 46,9 65,5 13,8 8,7 43,9 43,3 
* Family only; genus not determined, 
— indicates absenoe. 
MEAN DIVERSITY, d 
and MEASURE OF EQUITABILITY, e 
Sampling; period? 14 June 1976 to 19 July 1976 
Location N S d e 
RC 2408 9 1.05 0.22 
BTR 32 6 * * 
RC & BTR 2440 12 1.16 0.25 
WS3 117 18 3.12 0.67 
Sampling period : 19 July 1976 to 17 August 1976 
RC 475 12 1.62 0.33 
BTR 25 4 * * 
RC & BTR 500 14 1.90 0.36 
WS3 202 13 3.17 1.00 
Sampling period: 17 August 1976 to 18 September 1976 
RC 251 10 2.13 0.60 
BTR 31 4 * • 
RC & BTR 282 10 2.35 0.70 
TNS3 109 10 2.21 0.60 
Sampling period: 18 September 1976 to 16 October 1976 
RC 302 11 2.51 0.73 
BTR 9 6 * * 
RC & BTR 311 13 2.57 0.62 
WS3 135 9 1.37 0.33 
• not calculated because of insufficient values for N. 
Table 12 
adult Sal mo trutta (brown trout) were captured in WS3 on two 
separate occassions. The first trout, collected 27 June 1976, 
weighed 1.26 kg and measured 47 cm long. It was donated to the 
Anaconda Company biologist, Robert Dent, for heavy metal analysis 
(Appendix). The second trout, collected 27 May 1977, weighed 
1.69 kg and measured 50 cm long. Since no juvenile brown trout 
were observed, I assume there are not reproducing populations of 
this species in the settling ponds. 
Chapter VI 
DISCUSSION 
It is well known that natural and man-made impoundments act to 
concentrate heavy metals in sediments (Maxfield et al_, 1974; Mathis 
and Kevern, 1975; Bailey and Weisel, 1976). The Warm Springs 
settling ponds were constructed to reduce downstream water pollution 
by exploiting sediment uptake of heavy metals. Unfortunately, the 
ponds were constructed at the head of the Clark Fork river. Heavy 
metals seep from the ponds into the Clark Fork river and inadvertant 
spills from the settling ponds have also downgraded the quality of 
the Clark Fork river in the past and will remain a potential problem 
in the future. 
In comparison to metal concentrations listed by Mills and 
Zwarich (1975) in uncontaminated soils of Manitoba, the concentration 
of metals in the sediment sample from the upper settling pond (WS3n) 
are from 4 times more concentrated for Pb to 426 times more concentrated 
for Cd. Maxfield e_t al^ (1974) found the southern portion of Coeur d1 
Alene Lake to be seriously polluted by metals from mining activities 
in the area. The highest concentration of Pb found in that lake 
was 3 times higher than the highest concentration of Pb in the WS3n 
sediment core, but Cd, Cu, and Zn were 7, 170, and 7 times higher, 
respectively, in the WS3n core. In this study I found that the ratios 
of average metal concentrations in sediment samples of the control 
ponds to average concentrations in the WS3n sediment core sample were 
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Cd 1:467, Cr 1:1.3, Cu 1:21, Fe 1:9, Pb 1:3, and Zn 1:10. 
The high levels of heavy metals in the Warm Springs settling 
ponds can degrade the quality of the Clark Fork river and may 
jeopardize future attempts to reclaim the settling pond area. 
Alloway and Davies (1971) showed that heavy metal concentrations in 
plants are increased when grown on soils having elevated levels of 
heavy metals. Alloway and Davies also pointed out that apparently 
healthy crops may have levels of heavy metals in their tissues which 
make them unacceptable as forage. Carlson ert al (1975) tested the 
effects of relatively high concentrations of heavy metals (1-100 
umole/1 in hydroponic media) on net photosynthesis and transpiration 
in Zea mays and He!ianthus annuus. They found T1 to be the most 
toxic of the metals tested followed by Cd, Ni, and Pb. Lead is 
the least soluble of these metals. 
Sensitivity to metal contamination depends on the plant species 
(Alloway and Davies, 1971; Brown and Jones, 1975; Bingham ejt al_, 1976). 
Bingham et al^ found that a 25 percent yield decrement was associated 
with Cd concentrations ranging from 9 to 43 ug/g in clippings from 
various forage crop species. Corresponding concentrations of Cd in 
soils effecting a 25% yield decrement in these species ranged from 
15 to 145 ug/g, indicating that the ability to take up Cd also varies 
with species. If attempts are made to reclaim the Warm Springs 
settling ponds for forage crop production, it can be expected that 
plants grown there would have high tissue Cd concentrations, and that 
yields would be subnormal since Cd levels average 467 ug/g in the 
WS3n sediment sample. 
Wu et al^ (1975) showed that copper-tolerant populations of 
Aqrostris stolonifera could result from the rapid selection (within 
one generation) of tolerant individuals which exist at low frequency 
in unpolluted areas. In contrast, Typha latifolia populations are 
resistant to heavy metal contamination apparently without the 
evolution of tolerant races (McNaughton et al_, 1974). This tolerance 
may be due to the ability of the plant to sequester heavy metals 
in the cell walls. 
Apparently, no resistant enzymes are present in heavy metal 
tolerant angiosperms. Resistance seems to depend upon "preventing 
mechanisms" in functional, intact cells (Mathys, 1975). Once inside 
the cell, certain metals react preferentially with specific functional 
groups; e.g. Cd and Cu react with sulfhydryl groups, and Zn reacts 
with carboxyl groups (Bailee ejt al_, 1972). Heavy metals may accumulate 
in vacuoles of leaf cells of metal-tolerant plants (Ernst, 1969). 
Scirpus americanus is capable of concentrating Cd, Hg, and Pb 
above ambient levels in a hydroponic medium. This species, and 
possibly Bidens cernua and Eleocharis smalli, has the ability to act 
as a "natural depolluting agent" (Carbonneau and Tremblay, 1972). 
This interpretation may have little practical significance since these 
metals were in solution at concentrations less than 2 ppm. 
The toxicity of zinc to a filamentous green alga (Hormidium 
rivulare) in laboratory culture media has been found to be inversely 
related to Mg, Ca, and PO^ levels, and positively correlated with pH 
(range 3-8) and Cd levels. The ions Na+, Cl~, and S0^~ had no effect 
on Zn toxicity in this alga (Say and Hhitton, 1977). These investigators 
suggest that Cd levels greater than 0.01 mg/1 may signigicantly 
increase the toxicity of zinc. 
Growth of a green alga, Hormotila blennista (Chlorococcales), 
was significantly inhibited at all Pb concentrations tested between 
50 and 500 ppb. Lead pollution may lower the available phosphate 
level by complexing with phosphate, thereby inhibiting growth and 
increasing the susceptibility to Pb toxicity because of this stress 
(Monahan, 1973). 
Snails (Physa sp.) were found by Enk and Mathis (1977) to 
accumulate lead to higher concentrations than was present in the 
sediments of an unpolluted stream. They suggested that this accumula­
tion in snails resulted from their trophic role as detritivores and 
grazers. Snails may avoid or be incapable of surviving in close 
association with the settling pond sediments. The snails present in 
WS2 were found around rock piles at the pond margin. These rocks 
usually have a coating of periphyton upon which the snails can feed. 
I have no explanation for the absence of snails in similar habitats 
of WS3, the upper settling pond. 
Tubificid worms in the Illinois River had the highest concentrations 
of Li, Cd, and Co, and the second highest levels of Zn when compared 
to the other biota examined by Mathis and Cummings (1973). Mathis and 
Cummings did not differentiate adsorbed versus absorbed metals in these 
worms, nor did they assess the contribution of gut contents to total 
body burden. Because of their habitual association with the sediments, 
some aquatic oligochaetes may be greatly affected by metal contamination 
in the sediments. 
Copper concentrations greater than 40 ug/g reduced survival of 
four species of Daphnia in water having a total hardness of 130-160 
mg/1 as CaCO^ (Winner and Farrell, 1976). Winner and Farrell concluded 
that the Daphnia species tested (t). magna, JD. pulex, £. parvula, [). 
ambiqua) did not differ in their susceptibility to chronic toxic 
levels of Cu, but differences between the larger and smaller species 
were found in their susceptibilities to acute toxic levels of Cu. 
Winner et al_ (1977) showed that the susceptibility of D. magna to 
chronic copper stress v/as affected by the nutritional value of their 
food. Populations fed a diet having fewer calories per gram were 
more susceptible to chronic Cu stress than were populations fed a 
richer diet. Dissolved copper concentrations ranged as high as 130 
ug/1 in the WS3 settling pond, but total hardness levels ranged 
between 350 and 535 ppm as CaCO^. This probably reduced the toxicity 
of copper to populations of D. parvula and other biota found in WS3. 
Unadapted populations of Vorticella convullaria, a protozoan, 
were found to be sensitive to Hg++ and Pb++ concentrations as low as 
0.5 ppb, and to Zn++ concentrations as low as 75 ppb (Sartory and 
Lloyd, 1976). Lead and Cu are taken up from solution and leaves by 
an aquatic isopod, Asellus meridianus, and the hepato-pancreas of this 
species is an important site of copper storage (Brown, 1977). Heavy 
metals are bound in epidermal cells of tolerant Nereis spp. polychaetes 
(Bryan, 1976). Eighty to 90 percent of the Cd accumulated in tissues 
of dragonfly nymphs (Panatala hymanaea) subjected to 5-10 ppb Cd levels 
in an artificial stream was found concentrated into the nymphal 
skins (Bowling, 1977). This mechanism may be important in protecting 
the species from Cd toxicity. If this sequestering of toxicants in 
tissues which are normally shed is found to be generalized among 
aquatic insects, the utility of these animals as biological indicators 
of heavy metal pollution may be questionable. 
The average body burden associated with gut contents in Tipula 
larvae from an unpolluted stream was 57 percent for 30 elements. 
Ninety percent of the body burden would be associated with gut contents 
and surface contamination if all sources were accounted for (Elwood 
et al, 1976). 
Chironomid (midge) larvae are associated with sand and gravel 
which overlay the colloidal sediments in a narrow band along the 
shoreline of the Warm Springs settling ponds and also with the mats 
of Zannichelia palustris growing on those sediments. No chironomids 
live directly on the colloidal sediments of the settling ponds. 
Wentsel and Mcintosh (1977) stated that chironomids avoid sediments 
containing concentrations greater than 422 ppm Cd, 1512 ppm Cr, and 
8330 ppm Zn. They also found that growth of chironomid larvae was 
reduced in sediments with metal concentrations greater than 213 ppm Cd, 
800 ppm Cr, and 4385 ppm Zn. The concentrations of these metals in 
the top 10 cm of the WS3n sediment core are 647 ppm Cd, 120 ppm Cr, 
and 34603 ppm Zn. 
Lett et aX (1976) determined the 96-hour LC50 of total copper 
in hard water (365 mg/1 CaCOg) on Salmo gairdneri (rainbow trout) to 
be 0.25-0.68 ppm, and recommends 10% the LC50 (i.e. 0.03-0.07 ppm Cu) 
as a safe level for these trout on the basis of the growth response. 
Weekly averages of total copper in WS2 range from 0.03 to 0.07 ppm 
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(Anaconda Co. data, available from M. A. Neher). Values for total 
Cu concentrations in water as high as 0.10 ppm in WS2 and 0.15 ppm 
in WS3 were determined from grab samples in this study. The absence 
of juvenile brown trout (Salmo trutta) may be related to the levels of 
heavy metals in the water, as well as in food items. Adults probably 
entered from a bypass channel which has been diverted occassionally 
into the upper pond (Appendix). 
Bottom feeding fish would be expected to ingest relatively 
large amounts of heavy metals associated with the benthos and 
sediments of the settling ponds. Despite its bottom fedding habits, 
the longnose sucker (Catostomus catostomus), is apparently tolerant 
to the levels of heavy metals in the water and in matter which it 
ingests. 
Holcombe ert al^ (1976) determined the 96-hour LC50 of total and 
dissolved lead in water with a 44 mg/1 hardness (as CaCO^) on 
Salvel.inus fontinalis (brook trout) to be 4100 ppb and 3362 ppb 
respectively. Based on vertebral malformation (scoliosis) in 2nd and 
3rd generation trout and reduced growth in 12-week old 3rd generation 
trout, the maximum allowable toxicant concentration (MATC) of Pb was 
determined to be 58-119 ppb and 39-84 ppb for total and dissolved Pb 
respectively in waters having pH values of 6.8-7.6. The ranges of 
weekly averages of total and dissolved lead concentrations in WS2 were 
2-16 ppb and 2-4 ppb respectively (Anaconda Co. data, available from 
M.A. Neher) while total hardness averaged 543 ppm as CaCO^ in WS2. 
Lead concentrations in water are probably not responsible for the 
absence of juvenile brown trout in WS3. 
Fish are not the most sensitive biological indicators of heavy 
metal pollution in water. As previously discussed, Vorticella 
convullaria populations were inhibited by as little as 0.5 ppb Pb 
and 75 ppb Zn. Tetrahymena pyriformis, another protozoan, also 
appears to be a more sensitive biological indicator of metal 
pollution than fish (Carter and Cameron, 1973). The 96-hour LC50s 
for Pb in hard (400 ppm CaCOg) and soft (20 ppm CaCOg) water for 
this species were 192 ppb and 32 ppb respectively. 
Several species of angiosperms are apparently resistant to the 
concentrations of heavy metals in the sediments of the settling 
ponds. Zannichelia palustris (horned pondweed) and Typha latifolia 
(broad-leaf cattail) are especially tolerant. A filamentous blue-
green alga (Oscillatoria) grows on these sediments, whereas a 
filamentous green alga (Cladophora) is not found on the settling 
pond sediments. None of the aquatic macroinvertebrates found in the 
Warm Springs settling ponds live directly on the metal-laden sediments, 
although they are found along the margins of the ponds where sand 
has covered the sediments. Naidid worms and planaria found in the 
control ponds are apparently intolerant of conditions in the settling 
ponds. The resident populations of longnose suckers (Catostomus 
catostomus) and redside shiners (Richardsonius balteatus) are 
apparently tolerant of the metal concentrations in the water and food 
items in the settling ponds, but the absence of juvenile brown trout 
(Salmo trutta) suggests that they are intolerant. 
Concentrations of zinc and copper in water are probably limiting 
the biota of the Warm Springs settling ponds. Cadmium, Cu, Pb, and 
Zn concentrations in the sediments limit the benthos. The colloidal 
nature of the sediments may affect the ability of angiosperms, other 
than Zannichelia palustris, to become successfully rooted. 
Chapter VII 
SUMMARY 
The Warm Springs settling ponds, owned by the Anaconda Mining 
Company, are located at the head of the Clark Fork river. The 
sediments held in these ponds have extremely high concentrations of 
heavy metals. The ponds "are a potential long-term source of heavy 
metal pollution to the Clark Fork river due to occassional spills 
and continuous seepage (Bailey and Weisel, 1976; Montana Water Quality 
Bureau, 1975). 
Biotic and chemical conditions of the settling ponds were 
compared to the same parameters in a set of unpolluted control ponds. 
Heavy metal concentrations were determined in sediments, water, and 
biota of the control and settling ponds. Metal concentrations were 
generally higher in all of these components of the settling ponds. 
Ranges of total heavy metal concentrations in the most representa­
tive sediment sample from the upper settling pond (WS3) were Cd: 321-
724 ug/g, Cr: 60-120 ug/g, Cu: 6460-21430 ug/g, Fe: 186940-300680 ug/g, 
Pb: 580-1210 ug/g, and Zn: 18118-39475 ug/g. These values are one to 
two orders of magnitude greater than concentrations of the same metals 
(except Cr and Pb) in the control pond sediments. Total metal 
concentrations in water were less than 1 ppm in the settling ponds, 
but still greater than levels in the control ponds. 
Despite the high concentrations of heavy metals in sediments, 
a diverse biota survives in the settling ponds. The Shannon-Weaver 
diversity index and the Lloyd-Ghelardi measure of equitability for 
aquatic macroinvertebrate communities in the WS3 settling pond were 
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comparable to or greater than these measures of the control pond 
communities for every sampling period except September-October. 
The species compositions of the control and settling ponds are vastly 
different, however. A diverse array of aquatic insects exists in 
the settling ponds while flatworms and leeches dominate the 
macroinvertebrate communities of the control ponds. Flatworms and 
earthworms are comspicuously absent from the settling ponds. These 
organisms are benthic detritivores and scavengers and are intolerant 
of metal contamination in sediments. Chironomid larvae are the 
dominant macroinvertebrates of the settling ponds, but are restricted 
to the margins of the pond where sand eroded from the banks covers 
the sediments that contain the higher concentrations of heavy metals. 
Viable populations of Catostomus catostomus (longnose sucker) 
and Richardsonius balteatus (redside shiner) exist in the settling 
ponds. The absence of juvenile brown trout (Salmo trutta) may be 
attributed to the relatively high concentrations of heavy metals in 
food items and water. The brown trout present in WS3 may have entered 
from the Mill-plus-Willow creeks bypass channel (Appendix). 
Zannichelia palustris (horned pondweed) is tolerant of conditions 
in the sediments of the settling ponds. It is the only submerged 
angiosperm rooted in these sediments. Several emergent angiosperms 
are also tolerant of these metal-laden sediments. 
A more detailed study of the distribution of heavy metals in the 
biota of the Warm Springs settling ponds could provide valuable informa-
on the mechanisms of tolerance and on the environmental requirements 
of freshwater organisms. 
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APPENDIX 
WATER ANALYSES 
Temperature, °C 
Date RG BTR WS2 WS3 
14 Jne 76 10 16 mm 0m 12 
17 Jly 76 11 25 21 
18 Aug 76 10 23 — 16 
20 Sep 76 10 15 9 7 
16 Oct 76 8 8 8 6 
21 Jan 77 — — 1 1 
19 Feb 77 7 0 4 2 
21 Mar 77 6 0 2 2 
20 Apr 77 11 14 9 9 
22 May 77 9 17 15 14 
Specific Conductance @ 25°C, umhos/cm 
Date RC BTR WS2 WS3 
14 Jne 76 485 540 660 
17 Jly 76 510 425 — 920 
18 Aug 76 530 415 — 1010 
20 Sep 76 565 440 1260 1030 
16 Oct 76 580 510 870 910 
21 Jan 77 M M  — 1230 1100 
19 Feb 77 540 180 1120 770 
21 Mar 77 547 216 1275 1088 
20 Apr 77 520 390 1000 960 
22 May 77 511 354 1037 1039 
WATER ANALYSES 
PH 
Date RC BTR WS2 WS3 
14 Jne 76 7,9 8.1 9.2 
17 Jly 76 8.0 8.9 8.8 
18 Aug 76 7,9 9.0 -- 8.7 
20 Sep 76 7.6 8.1 8.8 8.3 
16 Oct 76 7.5 8.3 8.9 9.0 
21 Jan 77 — — 8.6 9.2 
19 Feb 77 7.6 7.6 8.9 10.6 
21 Mar 77 7.6 7.7 9.3 9.0 
20 Apr 77 7.8 8.3 9.0 9.0 
22 May 77 7.6 8.9 8.8 8.6 
Total Alkalinity, as ppm CaCOj 
Date RC BTR WS2 WS3 
20 Sep 76 175 130 45 50 
16 Oct 76 210 220 60 60 
21 Jan 77 — — 80 80 
19 Feb 77 200 85 50 58 
21 Mar 77 200 100 55 55 
20 Apr 77 200 165 60 50 
22 May 77 200 120 65 65 
WATER ANALYSES 
Dissolved Oxygen, ppm 
Date RC BTR Y/S2 Y/S3 
14 Jne 76 10 •aw r _ M  13 
17 Jly 76 8 11 — 10 
18 Aug 76 6 12 — 10 
20 Sep 76 5 8 11 11 
16 Oot 76 4 8 11 10 
21 Jan 77 — — 9 9 
19 Feb 77 7 7 9 9 
21 Mar 77 8 8 10 10 
20 Apr 77 8 12 10 10 
22 May 77 6 13 9 8 
Sulfate, ppm 
Date RC BTR Y/S2 YJS3 
20 Sep 76 76 56 385 420 
16 Oct 76 76 58 330 340 
19 Feb 77 72 11 420 290 
21 Mar 77 72 10 500 430 
20 Apr 77 69 46 380 360 
22 May 77 66 55 370 360 
WATER ANALYSES 
Hardness, as ppm CaC03 
RC BTR YfS2 WS3 
Date Ca Total Ca Total Ca Total Ca Total 
20 Sep 76 185 270 120 220 460 520 450 530 
16 Oct 76 190 260 115 240 380 450 400 490 
19 Feb 77 170 265 60 100 550 570 330 350 
21 Mar 77 175 255 60 110 600 640 510 540 
20 Apr 77 175 265 85 130 480 520 460 520 
22 May 77 190 265 80 190 430 560 470 535 
Phosphorusf ppb 
Date RC BTR 1NS2 WS3 
16 Oct 76 3.9 3.6 4.2 6.9 
29 Jan 77 — — 9.8 6.2 
21 Mar 77 7.8 3.3 8.2 14.4 
22 May 77 7.2 2.9 4.9 7.5 
* ortho-Phosphate expressed as P. 
Nitrogen*, ppb 
Date RC BTR WS2 Y/S3 
16 Oct 76 270 20 570 710 
29 Jaa 77 -- — 670 690 
21 Mar 77 410 20 520 550 
22 May 77 140 ^10 430 600 
* Nitrate plus Nitrite expressed as N# 
WATER ANALYSES: 
CONCENTRATION OF DISSOLVED METALS, ppb 
85 
Rock Creek Control Pond 
Date of 
Collection Cadmium Copper Iron Zinc 
20 Sep 76 <1 < 30 50 34 
21 Jan 77 mm - - mm 
19 Feb 77 <i <30 <10 28 
21 Mar 77 <i <30 10 21 
20 Apr 77 <i <30 10 12 
Beavertail Road Control Pond 
20 Sep 76 < 1 < 30 60 38 
21 Jan 77 - mm H* _ 
19 Feb 77 <1 <30 80 64 
21 Mar 77 <1 <30 30 36 
20 Apr 77 1 <30 40 22 
Warm Springs $2 Pond 
20 Sep 76 *1 130 150 74 
21 Jan 77 6 160 480 756 
19 Feb 77 <1 < 30 160 112 
21 Mar 77 1 60 250 126 
20 Apr 77 2* 38* 190* 79* 
(< 1-3) (< 30-50) (80-260) (24-99) 
Warm Springs $3 Pond 
20 Sep 76 <1 80 190 104 
21 Jan 77 6 130 260 344 
19 Fob 77 <1 70 80 70 
21 Mar 77 3 100 280 209 
20 Apr 77 2 30 200 72 
* average of four (4) samples taken at two (2) hour intervals; range 
in brackets. 
86 
WATER ANALYSESJ 
CONCENTRATION OF TOTAL METALS, ppb 
Rock Creek Control Pond 
Date of 
Collection Cadmium Copper Iron Zinc 
20 Sep 76 < 1 <30 70 38 
21 Jan 77 - - mm -
19 Feb 77 <1 •< 30 310 151 
21 Mar 77 < 1 30 <10 15 
20 Apr 77 < 1 < 30 30 22 
22 May 77 < 1 < 30 <10 < 3 
Beavertail Road Control Pond 
20 Sep 76 3 < 30 150 88 
21 Jan 77 - - - — 
19 Feb 77 < 1 <30 <10 13 
21 Mar 77 < 1 < 30 80 63 
20 Apr 77 <1 <30 60 32 
22 May 77 < 1 <30 <10 <3 
Warm Springs $2 Pond 
20 Sep 76 5 40 240 101 
21 Jan 77 < 1 100 500 432 
19 Feb 77 ^1 40 370 196 
21 Mar 77 5 90 480 208 
20 Apr 77 8 90 420 168 
22 May 77 7 60 290 146 
Warm Springs #3 Pond 
20 Sep 76 5 40 370 146 
21 Jan 77 3 150 240 320 
19 Feb 77 < 1 80 170 219 
21 Mar 77 5 90 430 408 
20 Apr 77 < 1 70 390 208 
22 May 77 8 50 380 188 
SEDIMENT CORE SAMPLE PHYSICAL DATA 
Location 
Date 
Sampled 
Water 
Depth (om) 
Sediment 
Depth (cm) 
Core 
Length (om) 
Number 
of 10-cm 
Segments 
Mean %BzO 
(range) 
RC 24 Aug 76 60 66 26.7 2 60 (50-69) 
BTR 24 Aug 76 90 46 20.3 2 49 (39-60) 
WS1 19 Sep 76 2 35 19.0 2 35 (34-36) 
WS3w 19 Sep 76 8 33 27.3 2 43 (25-60) 
WS3s 2 Oct 76 0 69 43.2 4 28 (21-40) 
WS3n 2 Oct 76 270 350 111.8 11 85 (71-93) 
MACROINVERTEBRATE QUANTITATIVE DATA: ROCK CREEK CONTROL POND 
(number of specimens per sample) 
Sampling; period: 14 June 1976 to 19 July 1976 
sample 
Genus N X N Y N Z S X S Y S Z total mean 
Lymnaea 1 1 0 1 0 3 0.6 
Physa 0 0 2 5 1 L 8 1.6 
Promenetus 1 2 1 1 0 5 1.0 
Dugesia 326 368 388 408 75 0 1565 313.0 
Glossiphonia 1 0 2 0 0 3 0.6 
Helobdella 31 80 279 343 76 S 809 161.8 
Stylaria 2 2 0 0 9 13 2.6 
Ifyalella 1 0 0 0 0 T 1 0.2 
Deroneotes 1 0 0 0 0 1 0.2 
Ceratopogonidae* 2 0 2 2 0 6 1.2 
Chironomidae* 14 136 113 11 15 289 57.8 
* family only, not used in index calculations. 
MACROINVERTEBRATE QUANTITATIVE DATAt ROCK CREEK CONTROL POND 
(nunber of specimens per sample) 
Sampling periodt 19 July 1976 to 17 August 1976 
sample 
Genus N X N Y N Z S X S Y S Z total mean 
Lymnaea 0 1 0 0 0 1 0.2 
Physa 1 0 4 2 L 0 7 1.4 
Promenetus 2 1 5 0 0 8 1.6 
Dugesia 10 11 20 143 0 129 313 62.6 
Helobdella 27 20 25 17 4 93 18.6 
Stylaria 6 1 4 0 S 0 11 2.2 
Hyalella 1 0 2 0 4 7 1.4 
Deronectes 0 0 0 1 T 2 3 0.6 
Ealiplus 0 0 0 0 19 19 3.8 
Helophorus 0 0 0 0 1 1 0.2 
Staotobiella 9 1 0 0 1 11 2.2 
Chironomidae* 1 0 0 15 2 18 3.6 
Musoidae* 0 0 0 1 0 1 0.2 
Diotya 0 0 0 0 1 1 0.2 
* family only, not used in index calculations. 
MA.CROINVERTEBRATE QUANTITATIVE DATAt ROCK CREEK CONTROL POND 
(number of specimens per sample) 
Sampling periodt 17 August 1976 to 18 September 1976 
sample 
Genus N X NV N Z S X S Y s z total mean 
Lymnaea 4 0 0 0 0 0 4 0.7 
Physa 3 0 1 2 6 2 14 2.3 
Promenetus 14 17 2 0 0 0 33 5.5 
Dugesia 3 8 2 0 9 25 47 7.8 
Glossiphonia 0 1 0 0 0 1 2 0.3 
Helobdella 15 19 19 39 5 33 130 21.7 
Stylaria 1 0 3 4 5 0 13 2.2 
Byalella 3 1 0 0 0 1 5 0,8 
Hydroporus 0 0 0 1 0 0 1 0.2 
Staotobiella 2 0 0 0 0 0 2 0.3 
Chironomidae* 2 0 0 0 25 0 27 4.5 
Musoidae* 0 0 0 0 1 0 1 0.2 
• family only, not used in index calculations. 
r-1 o> 
MACROINVERTEBRATE QUAMTITATIVE DATAt ROCK CREEK CONTROL POND 
(number of speoimena per sample) 
Sampling periodt 18 September 1976 to 16 Ootober 1976 
sample 
Genus N X N Y N Z S X S Y s z total mean 
Lymnaea 10 0 0 0 0 0 10 1.7 
Physa 0 5 7 2 2 0 16 2.7 
Fromenetus 28 0 0 5 0 0 33 5.5 
Dugesia 15 0 0 12 17 52 96 16.0 
Glossiphonia 1 1 1 2 0 2 7 1.2 
Helobdella 15 15 24 46 4 2 106 17.7 
Stylaria 0 3 2 1 1 2 9 1.5 
Hyalella 0 4 1 0 0 0 5 0.8 
Haliplus 2 0 0 0 0 0 2 0.2 
Hesperooorixa 0 3 2 0 0 0 5 0.8 
Staotobiella 1 1 0 0 11 0 13 2.2 
MA.CROINVERTEBRATE QUANTITATIVE DATA: 
BEAVERTAIL ROAD CONTROL POND 
(number of specimens per sample) 
Sampling periodt 14 June 1976 to 19 July 1976 
sample 
Genus X Y Z total mean 
Lymnaea 1 1 0 2 0.7 
Physa 1 2 0 3 1.0 
Hyalella 15 3 5 23 7.7 
Aeshna 0 2 0 2 0.7 
Enallagma 1 0 0 1 0.3 
Gerris 0 0 1 1 0.3 
Sampling period: 19 July 1976 to 17 August 1976 
Physa 2 1 1 4 1.8 
Hyalella 0 3 11 14 4.7 
Leucorrhinia 1 5 0 6 2.0 
Enallagma 1 0 0 1 0.3 
Chironomidae* 1 0 1 2 0.7 
Sampling period: 17 August 1976 to 18 September 1976 
Physa 0 1 0 1 0.3 
Promenetus 0 0 1 1 0.3 
Hyalella 12 7 9 28 9.3 
Chironomidae* 1 0 0 1 0.3 
Sampling period: 18 September 1976 to 16 October 1976 
Physa 1 0 0 1 0.3 
Proms net us 1 1 0 2 0.7 
Helobdella - 2 1 0 3 1.0 
Hyalella 1 0 0 1 0.3 
Gammarus 0 1 0 1 0.3 
Enallagma 0 1 0 1 0.3 
* family only, not used in index calculations. 
to o> MA.CR0I NVERTEBRATE QUANTITATIVE DATAt WARM SPRINGS #3 POND 
(number of speoimens per sample) 
Sampling periodt 14 June 1976 to 19 July 1976 
sample 
Genus N X N Y N Z Vf X W Y W I E X E Y E Z total mean 
Erpobdella 0 0 0 0 1 0 0 0 1 0.1 
Hyalella 0 0 4 0 0 0 1 0 5 0.6 
Agabus 0 0 0 0 L 0 0 0 2 2 0.3 
Deroneotes 1 7 2 0 0 2 3 0 15 1.9 
Dytisous 0 1 3 0 0 0 1 0 1 6 0.8 
Hydatious 0 0 1 0 0 0 0 0 1 0.1 
Hygrotus 0 0 0 0 S 0 2 19 10 31 3.9 
Ilybius 0 0 0 3 7 2 4 13 29 3,6 
Laooophilus 0 0 0 1 T 0 0 1 0 2 0.3 
Rhantus 0 0 0 1 0 2 0 0 3 0.4 
Uvarua 0 0 2 0 0 0 0 0 2 0.3 
Hallplus 1 0 0 0 0 0 0 0 1 0.1 
Berosus 1 0 0 0 0 0 0 0 1 0.1 
Hjrdrobius 0 0 1 0 1 0 0 0 2 0.3 
Aeshna 2 4 1 0 0 0 0 0 7 0.9 
Enallagma 1 0 0 0 0 4 3 0 8 1.0 
Lestes 0 1 0 0 0 0 0 1 2 0.3 
Sigara 0 0 0 1 0 0 0 0 1 0.1 
Ceratopogonidae* 0 0 2 0 0 0 1 2 5 0,6 
Chironomidae* 88 63 45 8 0 35 9 2 250 31.3 
* family only, not used in index oaloulations, 
o> 
MAGROINVERTEBRATE QUANTITATIVE DATA: WARM SPRINGS #3 POND 
(number of specimens per sample) 
Sampling period: 19 July 1976 to 17 August 1976 
sample 
Genus N X N Y N Z W X Yf Y W Z E X E Y E Z total mean 
Agabus 0 0 0 4 3 2 12 1 0 22 2.4 
Bidessus 0 0 0 0 0 0 1 1 0 2 0.2 
Deroneotes 0 0 0 2 2 0 51 0 0 55 6.1 
Dytisous 0 0 0 1 1 0 0 0 0 2 0.2 
Ilybius 0 0 0 0 0 0 9 1 0 10 1.1 
Laooophilus 0 0 0 9 27 23 0 1 0 60 6.7 
Rhantus 0 0 0 0 1 0 2 0 1 4 0.4 
Optioservus 1 0 0 0 0 0 0 0 0 1 0.1 
Aeshna 0 0 0 2 5 5 1 13 5 31 3.4 
Sympetrum 0 0 0 0 0 1 3 5 0 9 1.0 
Lestes 0 0 0 1 0 0 0 0 0 1 0.1 
Sigara 0 0 0 0 0 0 2 1 0 3 0.3 
Notonecta 0 0 0 0 1 0 0 1 0 2 0.2 
Chironomidae* 70 185 119 4 13 0 8 0 23 422 46,9 
* family only, not used in index calculations. 
to 
Gi 
MACROINVERTEBRATE QUANTITATIVE DATAt WARM SPRINGS #3 POND 
(number of speoimenS per sample) 
Sampling periodt 17 August 1976 to 18 September 1976 
sample 
Genus N X Mf Y N Z W X W Y w z E X E Y E Z total mean 
Agabus 0 0 0 1 0 0 0 0 0 1 0.1 
Bidessus 0 0 0 2 0 0 0 0 0 2 0.2 
Deroneotes 0 0 0 1 0 1 0 0 0 2 0.2 
Aeshna 0 1 0 1 2 8 2 10 2 26 2.9 
Sympetrum 0 0 1 2 4 3 2 0 1 13 1.4 
Enallagma 2 10 10 4 5 10 0 5 4 50 5.6 
Hesperooorixa 0 0 0 0 0 0 0 0 2 2 0.2 
Sigara 2 0 0 0 1 0 4 1 3 11 1.2 
Phryganaa 0 0 0 0 0 1 0 0 0 1 0.1 
Pfcilostomis 0 0 0 0 0 0 0 1 0 1 0.1 
Ceratopogonidae* 1 0 0 0 0 0 0 1 0 2 0.2 
Chironomidae* 29 13 26 11 11 2 14 6 12 124 13.8 
* family only, not used in index oaloulations. 
V 
CO <J> 
MA.CROI NVERTEBRATE QUANTITATIVE DATA: WARM SPRINGS #3 POND 
(number of speoimens per sample) 
Sampling period: 18 September 1976 to 16 Ootober 1976 
sample 
Genus N X N Y N Z W X W Y W Z E X E Y E Z total mean 
Hyalella 0 1 0 0 0 0 0 0 0 1 0,1 
Agabus 0 0 0 0 0 1 0 0 0 1 0.1 
Deroneotes 0 0 0 1 1 1 1 1 0 5 0.6 
Aeshna 0 0 0 0 1 0 5 0 23 29 3.2 
Enallagma 0 9 25 7 8 1 14 13 17 94 10.4 
Sigara 0 0 0 1 0 0 0 0 0 1 0.1 
Notoneota 0 0 0 2 0 0 0 0 0 2 0.2 
Triaenodes 0 0 0 1 0 0 0 0 0 1 0.1 
Pfcilostomis 0 0 0 1 0 0 0 0 0 1 0.1 
Chironomidae* 105 30 0 36 9 9 14 83 109 395 43.9 
» family only, not used in index oaloulations. 
ANACQWDA 
January 11, 1977 
Environmental Engineering MEMORANDUM 
Department — — — — — — — 
TOi George McArthur# Director of Environmental Affairs, M.M.D. 
From Robert L. Dent, Aquatic Biologist , G.M#D« 
SUBJECTi Inspection of a Br own Trout Collected in Warm Springs Pond #3 
June, 1976 
On June 27, 1976 a brown trout (Salmo trutta) was collected from a gill 
net set near the Warm Springs Pond #3 east siphon by Mike Neher, a graduate 
student from the University of Montana# Mr. Neher turned the frozen carcass 
of the trout over to me for heavy rectal analysis of the muscle tissue in 
November of 1976, Tho following is a summary of observations noted by this 
writer concerning both the physical-anatomical condition of the fish as well 
as the heavy metal content of its muscle tissuet 
Physical-Anatomical Condition 
The 'brown trout had a total body length of 53 centimeters (21 inches) and 
a weight of 1305 grams (2.88 lbs). An autopsy of the frozen carcass indicated 
that the trout was a sexually mature female with immature eggs present in the 
ovaries. A systematic inspection of the viscera indicated no gross pathological 
conditions such as enlaroenents or inflammations of the organs or presence of 
tumors. An inspection of the stomach contents disclosed that the trout had 
been feeding on aquatic invertebrates, predominantly aquatic Diptera larvae 
(Tipulids), beetles (Coleoptera), and perhaps draqonflies and damselflies (Odonata.) 
The overall condition of the fish appeared to be excellent. 
Muscle Analysis - Heavy Metals 
Three samples of approximately 4-5 grams each of muscle tissue were col­
lected from the trout above its lateral line from the origin of the dorsal fin 
to the candal peduncle. The tissue samples were analyzed for copper, zinc, lead, 
cadmium, arsenic and mercury. 
Tissue was analyzed in accordance with the wet digestion technique recom­
mended by the EPA for copper, zinc, lead and cadmium using a Varian Teqhtron 
AA-6 atomic absorption spectrophotometer. Analysis for arsenic was by the arsine 
distillation method with sulfuric acid digestion. And, analysis for mercury was 
by use of the cold vapor method utilizing a Coleman MAS-50 mercury analyzer# 
The following table compares the concentrations of heavy metals found in the 
Warm Springs Pond #3 trout with the average concentrations found in ten brown 
trout collected from Rock Creek, a blue-ribbon trout stream located within the 
Clark Fork Rivor drainage. The analytical data presented for the Rock Creek brown 
The Anaconda Company General Mining Division PO 0ox688 Rutte, Montana G9701 106/723-4311 
I 
suujuon or: a iirown t roue toiioccea in Warm Springs Pond #3 
June, 1976 (Continued) 
trout was acquired from a report submitted to the Montana Mining Division 
entitled - Heavy Metal Concentrations in Brown Trout (Salmo trutta), Upper 
Clark Fork River Basin, 1975, 
It should be noted that valid analyses for lead and cadmium could not be 
determined in the Warm Springs Pond #3 trout because of the lack of proper 
instrumentation to detect the extremely low concentrations of these metals* In 
the 1975 study, analyses for these metals were determined by use of a carbon-rod 
attachment which provided additional sensitivity to the atomic absorption spec­
trophotometer. Unfortunately, the carbon-rod attachment was not available for 
analysis of the Warm Springs Pond #3 brown trout tissue. However, analysis of 
the tissue on the flame. AA-6 did indicate concentrations of lead and cadmium near 
the detection limits of 0.05 juq/gm. 
The following table also compares the tissue analysis data with tolerance 
limits set by either the Canadian Food and Drua Directorate, the USFDA, or the 
USDA for fish considered safe for human consumption! 
Summary of Metals Analyses of Muscle Tissue 
jjg/am - Wet Weiaht^" 
Warm Springs Pond #3 
Brown Trout 
Copper 0.025 
Zinc 5.430 
Lead See Text 
Cadmium See Text 
Arsenic 0.051 
Mercury 0.025 
Rock Creek 
Brown Trout 
1.366 
7.036 
0.112 
0.040 
NA3 
0.320 
Tolerance Limits 
100 CFDD2 
100 CFDD 
10 CFDD 
No Limit Set 
0.70 USDA4 
0.50 USFDA5 
1 - Tissue contained approximately 70% moisture 
2 - Canadian Food and Drug Directorate 
3 -Not Analyzed 
4 - United States Department of Agriculture 
5 - United States Food and Drug Administration 
As indicated in the above table, the brown trout collected from Warm 
Springs Pond #3 did not show evidence of bioaccunulation of the heavy metals 
analyzed# Metal concentrations were well below the limits set forth by govern­
mental regulatory agencies for protection of public health# 
It is difficult to assess the amount of time which was spent by the brown 
trout in Pond #3# However, there is a strong likelihood that the trout may have 
entered Pond #3 via the Mill-Willow Creek bypass channel when it was routed 
through Pond #3 during the early Fall of 1975 (September-October#) If this 
was the case, the trout would have.spent approximately nine-to-ten months in 
Pond #3 with no grossly-apparent adverse effects. 
Respectfully submitted. 
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